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DYE-SENSITIZED PHOTOELECTRIC 
CONVERSION DEVICE AND METHOD OF 

MANUFACTURING THE SAME 

TECHNICAL FIELD 

[0001] The present invention relates to a dye-sensitized 
photoelectric conversion device and a method of manufactur 
ing the same, suitable for application to, for example, a dye 
sensitiZed solar cell using a dye-sensitiZed semiconductor 
layer Which includes semiconductor particulates With a dye 
supported thereon. 

BACKGROUND ART 

[0002] It is said that When a fossil fuel such as coal and 
petroleum is used as an energy source, the resulting carbon 
dioxide leads to global Warming. Besides, the use of atomic 
energy is attended by the risk of radioactive contamination. 
As the environmental issues are much talked about at present, 
dependence on these kinds of energy involves many prob 
lems. 
[0003] On the other hand, the solar cell functioning as a 
photoelectric conversion device for converting the sunlight 
into electric energy uses the sunlight as an energy source. 
Therefore, the solar cell has very little in?uence on the global 
environments, and is therefore expected to be used more 
Widely. 
[0004] There are a Wide variety of materials used to fabri 
cate solar cells, and many solar cells using silicon are com 
mercialiZed. The solar cells using silicon are largely classi?ed 
into crystalline silicon solar cells using single-crystalline or 
polycrystalline silicon and amorphous silicon solar cells. 
Hitherto, single crystalline silicon or polycrystalline silicon, 
i.e., crystalline silicon has often been used for solar cells. 
[0005] HoWever, although the crystalline silicon solar cells 
are superior to the amorphous silicon solar cells in photoelec 
tric conversion ef?ciency, Which represents the performance 
of converting the light (solar) energy into electrical energy, 
the crystalline silicon solar cells are loW in productivity and 
disadvantageous on a cost basis because much energy and 
time are needed for crystal groWth. 
[0006] In addition, although the amorphous silicon solar 
cells are characteriZed by higher light absorption properties, a 
Wider range of substrate choice and an easier increase in area 
as compared With the crystalline silicon solar cells, the amor 
phous silicon solar cells are inferior to the crystalline silicon 
solar cells in photoelectric conversion e?iciency. Further, 
though the amorphous silicon solar cells are higher in pro 
ductivity than the crystalline silicon solar cells, the produc 
tion of the amorphous silicon solar cells needs a vacuum 
process, like in manufacturing the crystalline silicon solar 
cells, so that the cost of equipment is still high. 
[0007] On the other hand, toWard a further loWering in the 
cost of solar cells, many researches have been conducted on 
solar cells Which use organic materials in place of silicon 
materials. Such solar cells, hoWever, have very loW photo 
electric conversion ef?ciencies of 1% or beloW and are unsat 
isfactory in durability. 
[0008] In the foregoing circumstances, an inexpensive 
solar cell using semiconductor particulates sensitiZed by a 
dye (coloring matter) Was reported (see Nature, 353, pp. 737 
to 740, 1991). This solar cell is a Wet-type solar cell, or 
electrochemical photovoltaic cell, in Which a porous thin ?lm 
of titanium oxide spectrally sensitiZed by use of a ruthenium 
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complex as a sensitiZing dye is used as a photo-electrode. The 
dye-sensitized solar cell is advantageous in that inexpensive 
titanium oxide can be used, the light absorption of the sensi 
tiZing dye covers a Wide range of visible Wavelength region of 
up to 800 nm, the quantum ef?ciency of photoelectric con 
version is high, and that a high energy conversion ef?ciency 
can be realiZed. In addition, this solar cell can be fabricated 
Without need for a vacuum process and, hence, Without need 
for a large equipment or the like. 
[0009] The dye-sensitized solar cells in the past have a 
structure in Which a space betWeen tWo substrates is ?lled 
With a liquid electrolyte. Besides, the dye-sensitized solar 
cells are often manufactured by a method in Which one of the 
substrates is provided With a feed port for injection of the 
electrolyte, a solution of the electrolyte is injected through the 
feed port under a reduced pressure and, ?nally, the feed port 
is sealed (end sealing). This method is a method Which is used 
also for assembly of liquid crystal cells. 
[0010] HoWever, the above-mentioned dye-sensitiZed solar 
cells in the past have problems as to the end-sealed portion 
strength and durability, and, in addition, have a shape-basis 
demerit in that a projection is generated due to the end- sealed 
portion. 
[0011] Accordingly, a problem to be solved by the present 
invention is to provide a method of manufacturing a dye 
sensitiZed photoelectric conversion device by Which a dye 
sensitiZed photoelectric conversion device being excellent in 
strength and durability and free of any projection, oWing to 
the absence of need for end sealing, can be manufactured by 
simple manufacturing steps, and a dye-sensitized photoelec 
tric conversion device manufactured by the method. 

DISCLOSURE OF INVENTION 

[0012] In order to solve the above problem, the ?rst-named 
invention provides 
[0013] a method of manufacturing a dye-sensitized photo 
electric conversion device having an electrolyte betWeen a 
dye-sensitized semiconductor layer and a counter electrode, a 
?rst armor member provided on the outside of the dye-sensi 
tiZed semiconductor layer, and a second armor member pro 
vided on the outside of the counter electrode, the method 
including the steps of: 
[0014] forming a sealing material and the electrolyte at 
predetermined locations of one or both of the ?rst armor 
member and the second armor member; and 
[0015] adhering the ?rst armor member and the second 
armor member to each other With the sealing material in the 
condition Where the sealing material and the electrolyte are 
sandWiched betWeen the ?rst armor member and the second 
armor member and under a gas pres sure of not hi gher than the 
atmospheric air pressure and not loWer than the vapor pres 
sure of the electrolyte. 
[0016] The second-named invention provides 
[0017] a dye-sensitiZed photoelectric conversion device 
including an electrolyte betWeen a dye-sensitized semicon 
ductor layer and a counter electrode, a ?rst armor member 
provided on the outside of the dye-sensitiZed semiconductor 
layer, and a second armor member provided on the outside of 
the counter electrode, the device being manufactured by 
sequentially conducting the steps of: 
[0018] forming a sealing material and the electrolyte at 
predetermined locations of one or both of the ?rst armor 
member and the second armor member; and 
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[0019] adhering the ?rst armor member and the second 
armor member to each other With the sealing material in the 
condition Where the sealing material and the electrolyte are 
sandWiched betWeen the ?rst armor member and the second 
armor member and under a gas pres sure of not higher than the 
atmospheric air pressure and not loWer than the vapor pres 
sure of the electrolyte. 

[0020] In the ?rst-named and second-named inventions, the 
materials and con?gurations of the ?rst armor member and 
the second armor member are selected as required. The ?rst 
armor member, preferably, is a transparent conductive sub 
strate, for example, a transparent substrate having a transpar 
ent conductive layer, and, typically, the dye-sensitized semi 
conductor layer is formed on the transparent conductive 
substrate. Over the dye-sensitized semiconductor layer, fur 
ther, the counter electrode may be provided either directly or 
through a porous insulating layer therebetWeen. The second 
armor member is not particularly limited; for example, the 
second armor member may be a member having the counter 
electrode formed on a substrate such as a glass substrate and 
a quartz substrate, or may be a metallic plate. In the case 
Where the ?rst armor member is provided With the dye-sen 
sitiZed semiconductor layer and the counter electrode, the 
second armor member is not particularly limited, provided 
the second armor member is formed from a material having 
gas barrier properties. As the material having gas barrier 
properties, for example, a material having an oxygen perme 
ability of not more than 100 cc/m2/day/atm and a Water vapor 
permeability of not more than g/mz/day is used. The gas 
pressure at the time of adhering the ?rst armor member and 
the second armor member to each other is not particularly 
limited insofar as the gas pressure is not higher than the 
atmospheric air pressure and not loWer than the vapor pres 
sure of the electrolyte. In the case of a liquid electrolyte 
having a vapor pressure, the gas pressure can be loWered 
around to such a level that boiling of the liquid electrolyte 
occurs. In addition, it is preferable that at the time of pressure 
reduction, the atmosphere in the system is preliminarily 
replaced by an inert gas, and the adhesion is conducted in the 
inert gas atmosphere. Although the adhering pressure is not 
limited, curing the sealing material While exerting an appro 
priate degree of pressure thereon promises an enhanced seal 
strength. Since the atmospheric air pressure is exerted on the 
sealing material from the outside of the ?rst armor member 
and the second armor member upon return to the atmospheric 
air pressure, hoWever, the exertion of pressure may not nec 
essarily be conducted. The vapor pressure of the electrolyte 
introduced into the space betWeen the ?rst armor member and 
the second armor member, preferably, is not more than 100 Pa 
at 20° C. This is because an electrolyte of Which the vapor 
pressure is higher than 100 Pa cannot endure the reduction in 
pressure and Would be evaporated. Therefore, care must be 
taken in the case Where the electrolyte contains a solvent. In 
addition, the electrolyte is preferably in a gelled state. Where 
the electrolyte is in a gelled state or the like in Which it has a 
certain degree of viscosity, the electrolyte Would not get out of 
shape upon being applied to the ?rst armor member or the 
second armor member, so that mixing of the electrolyte With 
the sealing material can be obviated. The sealing material is 
not particularly limited; preferably, hoWever, a UV (ultravio 
let)-curing adhesive is used. As for the methods for forming 
the sealing material and the electrolyte, knoWn Wet-type coat 
ing methods such as various printing methods, application by 
a dispenser, and blade coating can be used in the case Where 
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these materials are liquid. Among others, screen printing and 
application by a dispenser in Which the coating amount and 
the coating pattern can be controlled precisely are preferred. 
In the case Where the electrolyte contains a matrix such as a 
polymer, dilution of the electrolyte With a plasticiZer or the 
like and evaporating-off of the plasticiZer or the like after 
coating may be conducted, as required. The sealing material 
and the electrolyte may be formed on either of the ?rst armor 
member side and the second armor member side. The sealing 
material and the electrolyte may both be formed on the ?rst 
armor member, or they may both be formed on the second 
armor member, or one of the sealing material and the electro 
lyte may be formed on the ?rst armor member or the second 
armor member Whereas the other may be formed on the 
second armor member or the ?rst armor member, before 
adhering the ?rst armor member and the second armor mem 
ber to each other. Further, in the case of a dye-sensitized 
photoelectric conversion device With a monolithic structure 
in Which, for example, the ?rst armor member is a transparent 
conductive substrate and the dye-sensitized semiconductor 
layer and the counter electrode layer are all layered on the 
substrate, the second armor member may be a ?lm of a plastic 
or the like. 

[0021] The dye-sensitized semiconductor layer, typically, 
is provided on a transparent conductive substrate. The trans 
parent conductive substrate may either be a conductive or 
non-conductive transparent support substrate With a transpar 
ent conductive ?lm formed thereon or be a transparent sub 
strate Which is entirely conductive. The material of the trans 
parent support substrate is not particularly limited, and 
various base materials can be used, provided they are trans 
parent. The transparent support substrate, preferably, is excel 
lent in barrier properties against moisture and gases Which 
might penetrate from the outside of the dye-sensitized pho 
toelectric conversion device, and excellent in solvent resis 
tance, Weather resistance and the like. Speci?c examples of 
the transparent support substrate include transparent inor 
ganic substrates of quartz, sapphire, glass, etc., and transpar 
ent plastic substrates of polyethylene terephthalate, polyeth 
ylene naphthalate, polycarbonate, polystyrene, polyethylene, 
polypropylene, polyphenylene sul?de, polyvinylidene cluo 
ride, tetraacetylcellulose, brominated phenoxy, aramids, 
polyimides, polystyrenes, polyarylates, polysulfones, poly 
ole?ns, etc., among Which particularly preferred are sub 
strates having high transmittance for light in the visible 
region, but these are not limitative. The transparent support 
substrate is preferably a transparent plastic substrate, taking 
into account processability, lightWeightness and the like. In 
addition, the thickness of the transparent support substrate is 
not particularly limited, and can be freely selected according 
to such factors as light transmittance and properties as barrier 
betWeen the inside and the outside of the dye-sensitized pho 
toelectric conversion device. 

[0022] As for the surface resistance (sheet resistance) of the 
transparent conductive substrate, a loWer value is more pref 
erable. Speci?cally, the surface resistance is preferably not 
more than SOOQ/B, more preferably 1009/ III. In the case of 
forming the transparent conductive ?lm on the transparent 
support substrate, knoWn materials can be used as the mate 
rial of the transparent conductive ?lm. Speci?c examples of 
the materials Which can be used include indium tin composite 
oxide (ITO), ?uorine-doped SnO2 (FTO), antimony-doped 
SnO2 (ATO), SnO2, ZnO, and indium Zinc composite oxide 
(IZO), Which are not limitative and Which can be used in 
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combination of tWo or more thereof. Besides, for the purpose 
of reducing the surface resistance of the transparent conduc 
tive substrate and enhancing the current collection ef?ciency, 
a Wiring of a conductive material such as highly conductive 
metals, carbon, etc. may be separately provided on the trans 
parent conductive substrate. A conductive material use for 
forming the Wiring is not particularly limited; preferably, 
hoWever, a conductive material Which is high in corrosion 
resistance and oxidation resistance and loW in its oWn leakage 
current is desirably used. It should be noted here, hoWever, 
that even a conductive material Which is loW in corrosion 
resistance can be used When a protective layer including a 
metallic oxide or the like is separately provided thereon. 
Besides, for the purpose of protecting the Wiring from corro 
sion and the like, the Wiring is preferably disposed betWeen 
the transparent conductive substrate and the protective layer. 
[0023] The dye-sensitiZed semiconductor layer, typically, 
includes semiconductor particulates With a dye supported 
thereon. As the material of the semiconductor particulates, 
there can be used not only elemental semiconductors repre 
sented by silicon but also various compound semiconductors, 
perovskite structure compounds and the like. These semicon 
ductors are preferably n-type semiconductors in Which con 
duction-band electrons become carriers under irradiation 
With light, to give an anode current. Speci?c examples of 
these semiconductors include TiO2, ZnO, W03, Nb2O5, 
TiSrO3, and SnO2, among Which particularly preferable is the 
anatase-form TiO2. The kinds of the semiconductors are not 
limited to the just-mentioned ones, and they can also be used 
in mixture of tWo or more of them. Further, the semiconductor 
particulates may take various forms such as particulate form, 
tubular form, and rod-like form, as required. 
[0024] The particle diameter of the semiconductor particu 
lates is not particularly limited; hoWever, the mean particle 
diameter of primary particles is preferably 1 to 200 nm, 
particularly preferably 5 to 100 nm. In addition, the semicon 
ductor particulates With such a meanparticle diameter may be 
mixed With semiconductor particulates having a mean par 
ticle diameter greater than the just-mentioned, Whereby it is 
possible to scatter the incident light by the semiconductor 
particulates having the greater mean particle diameter and 
thereby to enhance quantum yield. In this case, the mean 
particle diameter of the semiconductor particulates prepared 
separately for mixing is preferably 20 to 500 nm. 
[0025] The method for producing the semiconductor layer 
including the semiconductor particulates is not particularly 
limited. Taking physical properties, convenience, production 
cost and the like into consideration, hoWever, a Wet-type ?lm 
forming method is preferred. Speci?cally, a method is pre 
ferred in Which a poWder or sol of the semiconductor particu 
lates is uniformly dispersed in a solvent such as Water and 
organic solvents to prepare a paste, and the transparent con 
ductive substrate is coated With the paste. The method of 
coating here is not particularly limited, and knoWn methods 
can be used. Examples of the coating method Which can be 
used include dipping method, spraying method, Wire bar 
method, spin coating method, roller coating method, blade 
coating method, gravure coating method, and Wet printing 
methods such as letterpress (relief), offset, gravure, intaglio, 
rubber plate, and screen printing. In the case Where crystalline 
titanium oxide is used as the material of the semiconductor 
particulates, the crystalline form is preferably the anatase 
form, from the vieWpoint of photocatalytic activity. The ana 
tase-form titanium oxide may be a commercially available 

Apr. 29, 2010 

poWder, sol or slurry, or, alternatively, anatase-form titanium 
oxide With a predetermined particle diameter may be pre 
pared by a knoWn method such as hydrolysis of a titanium 
oxide alkoxide. In the case of using a commercially available 
poWder, it is preferable to dissolve secondary aggregation of 
the particles, and to disperse the particles by using a mortar, a 
ball mill, an ultrasonic dispersing apparatus or the like at the 
time of preparing the coating liquid. In this instance, in order 
that the particles freed from secondary aggregation are pre 
vented from re-aggregating, acetylacetone, hydrochloric 
acid, nitric acid, a surfactant, a chelating agent or the like may 
be added to the coating liquid. Besides, for the purpose of 
thickening, various thickeners may be added, for example, 
polymers such as polyethylene oxide, polyvinyl alcohol, etc. 
or thickeners based on cellulose or the like. 

[0026] The semiconductor layer including the semiconduc 
tor particulates, or the semiconductor particulate layer, pref 
erably has a large surface area so that a large amount of the 
sensitiZing dye can be adsorbed thereon. Therefore, the sur 
face area as measured in the condition Where the semicon 
ductor particulate layer is formed on a support body by coat 
ing is preferably not less than 10 times, more preferably not 
less than 100 times, the projected area. The upper limit for the 
surface area is not speci?cally restricted, but ordinarily is 
about 1000 times the projected area. In general, as the thick 
ness of the semiconductor particulate layer increases, the 
amount of the dye supported per unit projected area increases 
and the light capture ratio is therefore higher; but, at the same 
time, the diffusion distance of injected electrons is increased 
and therefore the loss due to charge recombination is also 
increased. Accordingly, there is a preferred thickness value 
for the semiconductor particulate layer. The preferable thick 
ness is generally 0.1 to 100 pm, more preferably 1 to 50 um, 
and particularly preferably 3 to 30 um. The semiconductor 
particulate layer, after formed on the support body by coating, 
is preferably baked in order to bring the particles into elec 
tronic contact With one another and to enhance the ?lm 
strength and the adhesion betWeen the layer and the substrate. 
The range of the baking temperature is not particularly lim 
ited. If the temperature is raised too much, hoWever, the 
resistance of the substrate Would be raised, and melting might 
occur. Therefore, the baking temperature is normally 40 to 
700° C., preferably 40 to 650° C. In addition, the baking time 
also is not particularly limited; normally, the baking time is 
about 10 min to 10 hr. After the baking, such treatments as 
chemical plating using an aqueous solution of titanium tetra 
chloride, a necking treatment using an aqueous solution of 
titanium trichloride, and a dipping treatment of a semicon 
ductor particulate sol having a diameter of 10 nm or beloW 
may be conducted, for the purpose of increasing the surface 
area of the semiconductor particulate layer and/or enhancing 
the necking among the semiconductor particulates. In the 
case of using a plastic substrate as the support body of the 
transparent conductive substrate, a method may be adopted in 
Which the paste containing a binding agent is applied to the 
substrate, and press bonding to the substrate is carried out by 
use ofa hot press. 

[0027] As the dye to be supported in the semiconductor 
layer, any dye that shoWs a sensitiZing action can be used 
Without any particular limitation. Examples of the dye Which 
can be used include xanthene dyes such as Rhodamine B, 
Rose Bengale, eosine, erythrosine, etc., cyanine dyes such as 
merocyanine, quinocyanine, cryptocyanine, etc., basic dyes 
such as phenosafranine, Cabri Blue, thiocine, Methylene 
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Blue, etc., and porphyrin compounds such as chlorophyll, 
Zinc-porphyrin, magnesium-porphyrin, etc. Other examples 
include aZo dyes, phthalocyanine compounds, coumarin 
compounds, Ru bipyridine complex compound, Ru terpyri 
dine complex compound, anthraquinone dyes, polycyclic 
quinone dyes, and squarylium. Among these, the Ru bipyri 
dine complex compound is particularly preferable because of 
its high quantum yield. HoWever, the sensitizing dye is not 
limited to the just-mentioned examples, and these sensitiZing 
dyes may be used in mixture of tWo or more of them. 

[0028] The method for adsorption of the dye on the semi 
conductor layer is not particularly limited. For example, the 
sensitiZing dye may be dissolved in a solvent such as alcohols, 
nitriles, nitromethane, halogenated hydrocarbons, ethers, 
dimethyl sulfoxide, amides, N-methylpyrrolidone, 1,3-dim 
ethylimidaZolidinone, 3-methyloxaZolidinone, esters, car 
boxylic acid esters, ketones, hydrocarbons, Water, etc., and 
the semiconductor layer may be immersed in the dye solution 
or coated With the dye solution. Besides, in the case of using 
a highly acidic dye, deoxycholic acid may be added for the 
purpose of suppressing association among the dye molecules. 
[0029] After the adsorption of the sensitiZing dye, the sur 
face of the semiconductor electrode may be treated With an 
amine for the purpose of accelerating the removal of an excess 
of the sensitiZing dye adsorbed. Examples of the amine 
include pyridine, 4-tert-butylpyridine, and polyvinyl pyri 
dine. Where the amine is a liquid, the amine may be used 
either as it is or in the state of being dissolved in an organic 
solvent. 

[0030] As the electrolyte, combinations of iodine (I2) With 
a metal iodide or an organic iodide and combinations of 
bromine (Br2) With a metal bromide or an organic bromide 
can be used. Also usable are metal complexes such as ferro 
cyanate/ferricyanate, ferrocene/ferricinium ion, etc., sulfur 
compounds such as sodium polysul?de, alkyl thiol/alkyl dis 
ul?de, etc., viologen dyes, hydroquinone/quinone, etc. As the 
cation in the metallic compounds, preferred are Li, Na, K, 
Mg, Ca, Cs and the like. As the cation in the organic com 
pounds, preferred are quaternary ammonium compounds 
such as tetraalkylammoniums, pyridiniums, imidaZoliums, 
etc. The just-mentioned examples are nonlimitative 
examples, and they may also be used in mixture of tWo or 
more of them. Among the above-mentioned, those electro 
lytes in Which I2 is combined With Lil, NaI or a quaternary 
ammonium compound such as imidaZolium iodide are pre 
ferred. The concentration of the electrolyte salt, based on the 
solvent, is preferably 0.05 to 5 M, more preferably 0.2 to 3 M. 
The concentration of I2 or Br2 is preferably 0.0005 to 1 M, 
more preferably 0.001 to 0.3 M. Besides, additives including 
an amine compound represented by 4-tert-butylpyridine may 
be added, for the purpose of enhancing the open-circuit volt 
age. 

[0031] Examples of the solvent constituting the electrolyte 
composition mentioned above include Water, alcohols, 
ethers, esters, ester carbonates, lactones, carboxylic acid 
esters, triphosphates, heterocyclic compounds, nitriles, 
ketones, amides, nitromethane, halogenated hydrocarbons, 
dimethyl sulfoxide, sulfolane, N-methylpyrrolidone, 1,3 
dimethylimidaZolidinone, 3-methyloxaZolidinone, and 
hydrocarbons, Which are not limitative and can also be used in 
mixture of tWo or more of them. Further, ionic liquids con 
taining a quaternary ammonium salt based on tetraalkyl, pyri 
dinium, or imidaZolium can also be used as solvent. 

Apr. 29, 2010 

[0032] A gelling agent, a polymer, a crosslinking monomer 
or the like may be dissolved in the electrolyte composition 
and inorganic ceramic particles may be dispersed therein to 
obtain a gelled electrolyte to be used, for the purpose of 
suppressing liquid leakage from the dye-sensitiZed photo 
electric conversion device and/ or suppressing evaporation of 
the electrolyte. As for the ratio betWeen the gel matrix and the 
electrolyte composition, as the amount of the electrolyte com 
position is larger, the mechanical strength is loWer although 
the ionic conductivity is higher. On the contrary, if the amount 
of the electrolyte composition is too small, the ionic conduc 
tivity is loWered although the mechanical strength is high. 
Therefore, the amount of the electrolyte composition based 
on the amount of the gelled electrolyte is desirably 50 to 99 Wt 
%, preferably 80 to 97 Wt %. Besides, by dissolving the 
electrolyte and a plasticiZer in a polymer and then evaporating 
off the plasticiZer, it is possible to realiZe an entirely solid type 
dye-sensitiZed photoelectric conversion device. 
[0033] To form the counter electrode, any of conductive 
materials can be used. Evan an insulating material can be used 
if a conductive catalyst layer is disposed on the side of facing 
the dye-sensitiZed semiconductor layer. It is to be noted here, 
hoWever, that it is preferable to use an electrochemically 
stable material as the material of the counter electrode. Spe 
ci?cally, it is desirable to use platinum, gold, carbon, conduc 
tive polymer or the like. In addition, for the purpose of 
enhancing the oxidation-reduction catalytic effect, it is pref 
erable that the counter electrode portion on the side of facing 
the dye-sensitized semiconductor layer has a ?ne structure 
and an increased surface area. For example, that portion of the 
counter electrode is desirably in a platinum black state in the 
case Where the counter electrode is formed from platinum, 
and in a porous state in the case Where the counter electrode 
is formed from carbon. The platinum black state can be 
obtained by anodic oxidation of platinum, a reducing treat 
ment of a platinum compound, or the like method. In addition, 
the porous-state carbon can be formed by sintering of carbon 
particulates, baking of an organic polymer or the like method. 
Besides, by Wiring a metal having a high oxidation-reduction 
catalytic effect such as platinum on the transparent conduc 
tive substrate or by reducing a platinum compound on the 
surface of the substrate, the counter electrode can also be used 
as a transparent electrode. 

[0034] In the case Where the dye-sensitiZed photoelectric 
conversion device has a so-called monolithic structure in 
Which the components are layered on a single transparent 
substrate and is provided With a porous insulating layer, the 
material of the porous insulating layer is not particularly 
limited insofar as it is a non-conductive material. Especially 
preferred examples of the material include Zirconia, alumina, 
titania, and silica. Preferably, the porous insulating material is 
composed of particles of such an oxide, and its porosity is not 
less than 10%. The upper limit of the porosity is not speci? 
cally restricted. From the vieWpoint of physical strength of 
the insulating layer, hoWever, the porosity in general is pref 
erably about 10 to 80%. If the porosity is less than 10%, it 
in?uences the diffusion of the electrolyte, and Would lead to 
marked loWering in the cell characteristics. Besides, the pore 
diameter is preferably 1 to 1000 nm. If the pore diameter is 
less than 1 nm, it in?uences the diffusion of the electrolyte 
and the impregnation With the dye, thereby loWering the cell 
characteristics. Further, if the pore diameter is more than 
1000 nm, the catalyst particles in the catalytic electrode layer 
Will penetrate into the insulating layer, thereby possibly caus 
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ing short-circuit. The method for producing the porous insu 
lating layer is not particularly limited, but it is preferable that 
the porous insulating layer is a sintered body of the above 
mentioned oxide particles. 
[0035] The method for manufacturing the dye-sensitized 
photoelectric conversion device is not particularly limited. 
For example, in the case Where the electrolyte composition is 
liquid or Where the electrolyte composition is liquid before 
introduction thereof and can be gelled in the inside of the 
photoelectric conversion device, the dye-sensitiZed semicon 
ductor layer and the counter electrode are opposed to each 
other, and the substrate portions Where the dye-sensitized 
semiconductor layer is absent so that these electrodes do not 
contact each other are sealed. In this case, the magnitude of 
the gap betWeen the dye-sensitized semiconductor layer and 
the counter electrode is not particularly limited. Normally, the 
gap is l to 100 um, preferably 1 to 50 pm. If the distance 
betWeen the electrodes is too long, conductivity is loWered 
and, hence, the photoelectric current Would be reduced. The 
method of sealing is not particularly limited, but it is prefer 
able to use a light-fast, insulating and moisture-proof material 
for the sealing. Epoxy resins, UV-curing resins, acrylic adhe 
sives, EVA (ethylene vinyl acetate), ionomer resins, ceram 
ics, various heat fusing ?lms can be used for the sealing, and 
various Welding methods can be used. In addition, the method 
for injecting a solution of the electrolyte composition is not 
particularly limited. It is preferable, hoWever, to use a method 
in Which the solution is injected under a reduced pressure into 
the inside of the cell Which has been preliminarily sealed 
along the outer periphery thereof so as to leave a solution feed 
port in an open state. In this case, a method in Which a several 
drops of the solution are dripped into the feed port and is 
injected into the inside of the cell by capillarity is simple and 
easy to carry out. Besides, the solution injecting operation can 
also be conducted under a reduced pressure and/or under 
heating, as required. When the inside of the cell is ?lled up 
With the solution, the solution remaining at the feed port is 
removed, and the feed port is sealed off. The method of 
sealing in this instance is also not particularly limited. It is 
also possible to perform the sealing by adhering a glass plate 
or a plastic substrate With the sealing agent, as required. 
Besides, other than this method, a method can be used in 
Which adhesion under a reduced pressure is conducted after 
dropping the electrolyte liquid onto the substrate, like in a 
liquid crystal drop feeding (ODE; One Drop Filling) step in 
production of a liquid crystal panel. In addition, in the case of 
a gelled electrolyte using a polymer or in the case of a Wholly 
solid type electrolyte, a polymer solution containing the elec 
trolyte composition and a plasticiZer is supplied onto the 
dye-sensitized semiconductor layer by casting, folloWed by 
evaporating off the liquid components. After removing the 
plasticiZer completely, sealing is conducted in the same man 
ner as above-mentioned. The sealing is preferably carried out 
in an inert gas atmosphere or under a reduced pressure, by use 
of a vacuum sealer or the like. After the sealing is over, such 
operations as heating and pressure application can be con 
ducted, as required, for impregnating the dye-sensitized 
semiconductor layer With the electrolyte suf?ciently. 
[0036] The dye-sensitized photoelectric conversion device 
can be fabricated in various shapes according to the intended 
use thereof, and the shape of the device is not particularly 
limited. 

[0037] Most typically, the dye-sensitized photoelectric 
conversion device is con?gured as a dye-sensitized solar cell. 
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It should be noted here, hoWever, the dye-sensitized photo 
electric conversion device may be other than a dye-sensitized 
solar cell; for example, it may be a dye-sensitized photosen 
sor or the like. 

[0038] The dye-sensitized photoelectric conversion device 
can be used, for example, for a variety of electronic appara 
tuses. The electronic apparatuses may basically be any ones, 
and include both portable ones and stationary ones. Speci?c 
examples of the electronic apparatuses include cellular 
phones, mobile apparatuses, robots, personal computers, on 
vehicle apparatuses, and various home-use electric appli 
ances and apparatuses. In this case, the dye-sensitized pho 
toelectric conversion device is, for example, a dye-sensitized 
solar cell Which is used as a poWer supply in any of these 
electronic apparatuses. 
[0039] According to the present invention constituted as 
above-mentioned, the end sealing step required for ?lling 
With an electrolyte in the case of a dye-sensitized photoelec 
tric conversion device according to the related art is unneces 
sitated, and the need to provide a substrate With a feed port for 
injecting the electrolyte is eliminated. Therefore, loWering in 
strength and durability due to the provision of such a feed port 
can be prevented. Further, the problem of generation of a 
projection is also obviated, oWing to the absence of an end 
sealed portion. 
[0040] According to the present invention, a dye-sensitized 
photoelectric conversion device being excellent in strength 
and durability and free of any projection can be manufactured 
through simple manufacturing steps. 

BRIEF DESCRIPTION OF DRAWINGS 

[0041] FIG. 1 is a sectional vieW of a dye-sensitized pho 
toelectric conversion device according to a ?rst embodiment 
of the present invention. 
[0042] FIG. 2 is a plan vieW of the dye-sensitiZed photo 
electric conversion device according to the ?rst embodiment 
of the present invention. 
[0043] FIG. 3 is a sectional vieW of the dye-sensitized pho 
toelectric conversion device according to the ?rst embodi 
ment of the present invention. 
[0044] FIG. 4 shoWs sectional vieWs for illustrating a 
method of manufacturing the dye-sensitiZed photoelectric 
conversion device according to the ?rst embodiment of the 
present invention. 
[0045] FIG. 5 is a plan vieW for illustrating the method of 
manufacturing the dye-sensitized photoelectric conversion 
device according to the ?rst embodiment of the present inven 
tion. 
[0046] FIG. 6 is a sectional vieW ofa major part ofa dye 
sensitiZed photoelectric conversion device module according 
to a second embodiment of the present invention. 
[0047] FIG. 7 is a plan vieW of a major part of the dye 
sensitiZed photoelectric conversion device module according 
to the second embodiment of the present invention. 
[0048] FIG. 8 is a sectional vieW for illustrating a method of 
manufacturing the dye-sensitized photoelectric conversion 
device module according to the second embodiment of the 
present invention. 
[0049] FIG. 9 is a sectional vieW of a major part of dye 
sensitiZed photoelectric conversion device module according 
to a third embodiment of the present invention. 
[0050] FIG. 10 is a plan vieW ofa major part of dye-sensi 
tiZed photoelectric conversion device module according to 
the third embodiment of the present invention. 
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[0051] FIG. 11 is a sectional vieW of dye-sensitiZed photo 
electric conversion device module according to the third 
embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0052] NoW, embodiments of the present invention Will be 
described beloW referring to the drawings. Incidentally, in the 
folloWing embodiments, the same or corresponding parts Will 
be denoted by the same symbols. 
[0053] FIG. 1 is a sectional vieW shoWing a dye-sensitiZed 
photoelectric conversion device according to a ?rst embodi 
ment of the present invention. A plan vieW of the dye-sensi 
tiZed photoelectric conversion device in the case Where the 
plan-vieW shape of the device is square is shoWn in FIG. 2. 
FIG. 1 corresponds to a sectional vieW taken along line X-X 
of FIG. 2. 
[0054] As shoWn in FIGS. 1 and 2, in this dye-sensitiZed 
photoelectric conversion device, for example, a transparent 
conductive substrate 1 With a dye-sensitiZed semiconductor 
layer 2 formed thereon and a conductive substrate 3 of Which 
at least a surface constitutes a counter electrode are so dis 

posed that the dye-sensitiZed semiconductor layer 2 and the 
conductive substrate 3 are opposed to each other, With a 
predetermined spacing therebetWeen, and an electrolyte layer 
4 is sealed in the space betWeen them. The vapor pressure of 
an electrolyte used to form the electrolyte layer 4 is preferably 
not more than 100 Pa at 20° C. As the dye-sensitiZed semi 
conductor layer 2, a layer of semiconductor particulates With 
a dye supported thereon is used. The electrolyte layer 4 is 
sealed With a sealing material 5. As the sealing material 5, a 
UV-curing adhesive or the like is used. 
[0055] FIG. 3 shoWs the dye-sensitiZed photoelectric con 
version device, particularly, in the case Where the transparent 
conductive substrate 1 includes a transparent substrate 111 
With a transparent electrode 1b formed thereon, and the con 
ductive substrate 3 includes a transparent or opaque substrate 
311 With a counter electrode 3b formed thereon. 
[0056] The transparent conductive substrate 1 (or the trans 
parent substrate 111 and the transparent electrode 1b), the 
dye- sensitiZed semiconductor layer 2 and the conductive sub 
strate 3 (or the substrate 311 and the counter electrode 3b) can 
be selected from among the above-mentioned ones, as 
required. 
[0057] NoW, a method of manufacturing the dye-sensitiZed 
photoelectric conversion device Will be described beloW. 
[0058] First, a transparent conductive substrate 1 is pre 
pared. Next, a paste containing semiconductor particulates 
dispersed therein is applied onto the transparent conductive 
substrate 1 in a predetermined gap siZe (thickness). Subse 
quently, the transparent conductive substrate 1 is heated to a 
predetermined temperature, thereby sintering the semicon 
ductor particulates. Next, the transparent conductive sub 
strate 1 With the semiconductor particulates thus sintered is, 
for example, immersed in a dye solution so that a sensitiZing 
dye is supported on the semiconductor particulates. In this 
Way, a dye-sensitiZed semiconductor layer 2 is formed. 
[0059] Subsequently, as shoWn inA of FIG. 4, an electro 
lyte layer 4 including a gelled electrolyte is formed in a 
predetermined pattern at a predetermined location on the 
dye-sensitiZed semiconductor layer 2. 
[0060] On the other hand, a conductive substrate 3 is sepa 
rately prepared. Then, as shoWn in B of FIG. 4, a sealing 
material 5 is formed in a predetermined pattern at a predeter 
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mined location of an outer peripheral part on the conductive 
substrate 3, and the conductive substrate 3 is opposed to the 
transparent conductive substrate 1. A plan vieW of the con 
ductive substrate 3 is shoWn in FIG. 5. The electrolyte layer 4 
is so siZed as to be accommodated in the space surrounded by 
the sealing material 5. 

[0061] Next, as shoWn in B of FIG. 4, the transparent con 
ductive substrate 1 and the conductive substrate 3 are adhered 
to each other With the sealing material 5 in the condition 
Where the sealing material 5 and the electrolyte layer 4 are 
sandWiched therebetWeen and under a gas pressure of not 
higher than the atmospheric air pressure and not loWer than 
the vapor pres sure of the electrolyte used to form the electro 
lyte layer 4. Where a UV-curing adhesive is used as the 
sealing material 5, it is cured by irradiation With UV light. 
This adhesion is preferably carried out in an atmosphere of an 
inert gas such as nitrogen gas and argon gas. 

[0062] In this manner, the dye-sensitiZed photoelectric con 
version device shoWn in FIGS. 1 and 2 is manufactured. 

[0063] NoW, operation of the dye-sensitiZed photoelectric 
conversion device Will be described beloW. 

[0064] Light having come from the transparent conductive 
substrate 1 side and been transmitted through the transparent 
conductive substrate 1 excites the dye in the dye-sensitiZed 
semiconductor layer 2 to generate electrons. The electrons are 
sWiftly handed over to the semiconductor particulates consti 
tuting the dye-sensitiZed semiconductor layer 2. On the other 
hand, the dye having lost the electrons receive electrons from 
ions present in the electrolyte layer 4, and the molecules 
having handed over the electrons receive electrons again at 
the surface of the conductive substrate 3. By such a series of 
reactions, an electromotive force is generated betWeen the 
transparent conductive substrate 1 and the conductive sub 
strate 3, Which are electrically connected to the dye-sensitiZed 
semiconductor layer 2. In this manner, photoelectric conver 
sion is performed. 

[0065] As above-mentioned, according to the ?rst embodi 
ment, the dye-sensitiZed semiconductor layer 2 is formed on 
the transparent conductive substrate 1, and the electrolyte 
layer 4 is formed at a predetermined location on the dye 
sensitiZed semiconductor layer 2. In addition, the sealing 
material 5 is provided at predetermined positions on the con 
ductive substrate 3 of Which at least a surface constitutes the 
counter electrode. The transparent conductive substrate 1 and 
the conductive substrate 3 are adhered to each other With the 
sealing material 5 in the condition Where the electrolyte layer 
4 and the sealing material 5 are sandWiched therebetWeen and 
under a gas pressure of not higher than the atmospheric air 
pressure and not loWer than the vapor pressure of the electro 
lyte used to form the electrolyte layer 4. This ensures that the 
end sealing step required for ?lling With the electrolyte in the 
case of the dye-sensitiZed photoelectric conversion device 
according to the related art is unnecessitated, and the need to 
provide the substrate With an electrolyte feed port is elimi 
nated. Therefore, loWering in strength and durability due to 
the provision of such a feed port can be prevented. Further, the 
problem of generation of a projection is also obviated, oWing 
to the absence of an end-sealed portion. Accordingly, a dye 
sensitiZed photoelectric conversion device being excellent in 
strength and durability and free of any projection can be 
manufactured by simple manufacturing steps. 
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[0066] Examples of the dye-sensitized photoelectric con 
version device Will be described. 

Example 1 

[0067] A transparent conductive substrate Was prepared as 
folloWs. An FTO substrate (sheet resistance: 109/ B) for use 
in amorphous solar cell, produced by Nippon Sheet Glass 
Co., Ltd., Was processed into the siZe of 25 mm><25 mm><(t) 
(thickness 1.1 mm), and the processed FTO substrate Was 
then subjected to ultrasonic cleaning by sequentially using 
acetone, an alcohol, an alkali cleaning liquid, and ultrapure 
Water, folloWed by drying. 
[0068] The FTO substrate Was coated With a titanium oxide 
paste, produced by Solaronix, by use of a screen printing 
machine With a screen mask shaped to have a diameter of 5 
mm. In coating With the paste, a 7 um-thick layer of a trans 
parent Ti-Nanoxide TSP paste and a 13 um-thick layer of 
Ti-Nanoxide DSP containing scattering particles Were 
sequentially formed in this order from the PTO substrate side, 
to obtain a porous titanium oxide ?lm in a total thickness of 20 
pm. The porous titanium oxide ?lm Was baked in an electric 
furnace at 500° C. for 30 min, and alloWed to cool. Thereafter, 
the porous titanium oxide ?lm Was immersed in 0.1 mol/L 
aqueous solution of TiCl4, Was held in this condition at 70° C. 
for 30 min, Washed Well With pure Water and ethanol, then 
dried, and again baked in an electric furnace at 500° C. for 30 
min. In this manner, a TiO2 sintered body Was produced. 
[0069] Next, the TiO2 sintered body Was immersed in a 0.5 
mM solution of cis-bis(isothiocyanato)-N,N-bis(2,2'-dipy 
ridyl-4,4'-dicarboxylato)-ruthenium(II) di-tetrabutylammo 
nium salt (N719 dye) in a tert-butyl alcohol/acetonitrile 
mixed solvent (volume ratio 1:1) at room temperature for 48 
hr, so as to support the dye thereon. The electrode thus 
obtained Was Washed With acetonitrile, and dried in a dark 
place. In this manner, a dye- sensitiZed TiO2 sintered body Was 
produced. 
[0070] A counter electrode having a 50 nm-thick Cr layer 
and a 100 nm-thick Pt layer sequentially formed over a 25 
mm><25 mm><t1.1 mm glass substrate by sputtering Was pre 
pared. 
[0071] The counter electrode Was coated With a UV-curing 
adhesive as a sealing material by screen printing, so as to 
leave a current collection area, in a siZe of 20 mm><20 mm in 
outer shape and 2 mm in Width. 
[0072] An electrolyte composition Was prepared by dis 
solving 0.045 g of sodium iodide (NaI), 1.11 g of 1-propyl 
2,3-dimethylimidaZolium iodide, 0.11 g of iodine (I2), and 
0.081 g of 4-tert-butylpyridine in 3 g of propylene carbonate. 
[0073] To 0.9 g of the electrolyte composition Was added 
0.1 g of a silica nanopoWder, and the resulting mixture Was 
stirred suf?ciently by a rotary and revolutionary mixer, to 
obtain a gelled electrolyte. The gelled electrolyte Was applied 
to the dye-sensitiZed TiO2 sintered body on the PTO substrate 
by a dispenser, and the assembly Was introduced into an 
argon-?ushed chamber together With the above-mentioned 
counter electrode. The dye-sensitized TiO2 sintered body 
formed on the PTO substrate and the Pt surface of the counter 
electrode formed on the glass substrate Were opposed to each 
other, and the pres sure inside the chamber Was reduced to 100 
Pa by a rotary pump. The assembly of the substrates opposed 
to each other Was pressed With a pressure of 1 kg/cm2, and, 
under the pressing, irradiation With UV light Was conducted 
by use of a UV lamp, to cure the UV-curing adhesive. There 
after, the pressure inside the chamber Was returned to the 
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atmospheric air pressure. In this manner, a dye-sensitized 
photoelectric conversion device in Which the gelled electro 
lyte is ?lling the gap betWeen the dye-sensitized TiO2 sintered 
body and the Pt surface of the counter electrode and the 
periphery of the gelled electrolyte is sealed With the UV 
curing adhesive Was obtained. 

Comparative Example 1 

[0074] A counter electrode formed by sequentially sputter 
ing Cr in a thickness of 50 nm and Pt in a thickness of 100 nm 
over a 25 mm><25 mm><t1.1 mm glass substrate provided With 
a hole of 0.5 mm in diameter Was prepared. 

[0075] A dye-sensitiZed photoelectric conversion device 
Was fabricated in the same manner as in Example 1, except 
that the PTO substrate not coated With the gelled electrolyte 
and the counter electrode Were adhered to each other, the 
electrolyte solution Without addition of silica thereto Was 
directly injected through the preliminarily prepared 0.5 mm 
diameter feed port under a reduced pres sure, and then the feed 
port Was sealed With the glass substrate and a UV-curing 
adhesive. 
[0076] For the dye-sensitiZed photoelectric conversion 
devices fabricated in Example 1 and Comparative Example 1 
as above, values of retention factor of photoelectric conver 
sion ef?ciency as measured under irradiation With pseudo 
sunlight (AM 1.5, 100 mW/cm2) after preservation at 60° C. 
for 1000 hr, With the photoelectric conversion ef?ciency 
immediately upon fabrication being taken as 100, are shoWn 
in Table 1. 

TABLE 1 

After preservation 
for 1000 hr [%] 

Example 1 85.2 
Example 2 81.6 
Example 3 83.3 
Comparative Example 1 43.2 
Comparative Example 2 35.9 
Comparative Example 3 43.8 

[0077] It is seen from Table 1 that the dye-sensitiZed pho 
toelectric conversion device of Example 1 is excellent in 
durability as it has a photoelectric conversion ef?ciency 
retention factor of about 2 times that of the dye-sensitized 
photoelectric conversion device of Comparative Example 1. 
[0078] NoW, a dye-sensitiZed photoelectric conversion 
device module according to a second embodiment of the 
present invention Will be described beloW. FIG. 6 is a sec 
tional vieW of the dye-sensitiZed photoelectric conversion 
device module. A plan vieW of the dye-sensitiZed photoelec 
tric conversion device module in the case Where the plan-vieW 
shape of the module is a rectangle is shoWn in FIG. 7. FIG. 6 
corresponds to an enlarged sectional vieW taken along line 
Y-Y of FIG. 7. 
[0079] As shoWn in FIGS. 6 and 7, in the dye-sensitized 
photoelectric conversion device module, a plurality of stripe 
shaped transparent conductive layer 7 are formed in parallel 
to each other on a non-conductive transparent substrate 6 such 
as a glass substrate serving as an armor member, stripe 
shaped dye-sensitiZed semiconductor layers 2 extending in 
the same direction as the transparent conductive layer 7 are 
formed on the transparent conductive layer 7, and stripe 
shaped current collection electrode layers 8 are formed on the 
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transparent conductive layers 7 in areas between the dye 
sensitiZed semiconductor layers 2. On the other hand, stripe 
shaped current collection electrode layers 10 are formed on a 
non-conductive substrate 9, stripe-shaped catalytic electrode 
layers 11 (counter electrodes) are formed on the current col 
lection electrode layers 10 at positions corresponding to the 
dye-sensitized semiconductor layers 2, and stripe-shaped 
current collection electrode layers 12 are formed on the cur 
rent collection electrode layers 10 at positions corresponding 
to the current collection electrode layers 8. The tWo assem 
blies are so disposed that the dye-sensitized semiconductor 
layers 2 and the catalytic electrode layers 11 are opposed to 
each other With a predetermined spacing therebetWeen, and 
electrolyte layers 4 are sealed in the spaces therebetWeen. The 
vapor pressure of the electrolyte used to form the electrolyte 
layers 4, preferably, is not more than 100 Pa at 20° C. As the 
dye-sensitized semiconductor layers 2, layers of semiconduc 
tor particulates With a dye supported thereon are used. The 
electrolyte layers 4 are sealed With a sealing material 5 on the 
basis of each dye-sensitiZed photoelectric conversion device. 
As the sealing material 5, a UV-curing adhesive or the like is 
used. 

[0080] The dye- sensitiZed semiconductor layer 2, the trans 
parent substrate 6, the transparent conductive substrate 7 and 
the substrate 9 can be selected from among the above-men 
tioned ones, as required. 

[0081] NoW, a method of manufacturing the dye-sensitized 
photoelectric conversion device Will be described beloW. 

[0082] First, as shoWn in FIG. 8, a transparent substrate 6 is 
prepared, a transparent conductive layer 7 is formed over the 
Whole surface area of the transparent substrate 6, and the 
transparent conductive layer 7 is patterned into stripe shapes 
by etching. 
[0083] Next, a paste containing semiconductor particulates 
dispersed therein is applied onto the transparent conductive 
layers 7 in a predetermined gap. Subsequently, the transpar 
ent substrate 6 is heated to a predetermined temperature so as 
to sinter the semiconductor particulates, thereby forming 
semiconductor layers composed of sintered bodies of the 
semiconductor particulates. Then, current collection elec 
trode layers 8 are formed on the transparent conductive layers 
7 in areas betWeen the semiconductor layers. Next, the trans 
parent substrate 6 provided thereon With the semiconductor 
layers composed of the sintered bodies of the semiconductor 
particulates and With the current collection electrode layers 8 
is, for example, immersed in a dye solution so that a sensitiZ 
ing dye is supported on the semiconductorparticulates. In this 
Way, dye-sensitized semiconductor layers 2 are formed on the 
transparent conductive layers 7. 
[0084] Subsequently, electrolyte layers 4 composed of a 
gelled electrolyte are formed in predetermined patterns on the 
dye-sensitized semiconductor layers 2. 
[0085] On the other hand, a substrate 9 is separately pre 
pared. Then, as shoWn in FIG. 8, current collection electrodes 
10 are formed on the substrate 9, and, further, catalytic elec 
trode layers 11 and current collection electrode layers 12 are 
formed on the current collection electrode layers 10. Subse 
quently, a sealing material 5 is formed on the substrate 9 in an 
outer peripheral area and in other areas than the catalytic 
electrode layers 11, and the substrate 9 is opposed to the 
transparent substrate 6. Each of the electrolyte layers 4 is so 
siZed as to be accommodated in the space surrounded by the 
sealing material 5. 
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[0086] Next, the transparent substrate 6 and the substrate 9 
are adhered to each other With the sealing material 5 in the 
condition Where the sealing material 5 and the electrolyte 
layers 4 are sandWiched therebetWeen and under a gas pres 
sure of not higher than the atmospheric air pressure and not 
loWer than the vapor pressure of the electrolyte used to form 
the electrolyte layers 4. Where a UV-curing adhesive is used 
as the sealing material 5, it is cured by irradiation With UV 
light. The adhesion is preferably carried out in an atmosphere 
of an inert gas such as nitrogen gas and argon gas. 
[0087] In this manner, the dye-sensitized photoelectric con 
version device module shoWn in FIGS. 6 and 7 is manufac 
tured. 
[0088] According to the second embodiment, the same 
merits as those in the ?rst embodiment can be obtained With 
the dye-sensitized photoelectric conversion device module. 

Example 2 

[0089] After forming an FTO ?lm on a glass substrate, the 
PTO ?lm Was patterned by etching to form an eight-stripe 
pattern With 0.5 mm-Wide gaps betWeen the stripes. Thereaf 
ter, the resulting assembly Was subjected to ultrasonic clean 
ing by sequentially using acetone, an alcohol, an alkali clean 
ing liquid, and ultrapure Water, folloWed by su?icient drying. 
[0090] A titanium oxide paste produced by Solaronix Was 
applied onto the glass substrate in an eight-stripe pattern, each 
stripe measuring 5 mm in Width and 40 mm in length (total 
area: 16 cm2) by use of a screen printing machine. In applying 
the paste, a 7 um-thick layer of a transparent Ti-Nanoxide 
TSP paste and a 13 um-thick layer of Ti-Nanoxide DSP 
containing scattering particles Were sequentially formed in 
this order from the glass substrate side, to obtain a porous 
TiO2 ?lm in a total thickness of 20 pm. The porous TiO2 ?lm 
Was baked in an electric furnace at 500° C. for 30 min, and 
alloWed to cool. Thereafter, the porous TiO2 ?lm Was 
immersed in 0.1 mol/L aqueous solution of TiCl 4, Was held in 
this condition at 70° C. for 30 min, Washed Well With pure 
Water and ethanol, then dried, and again baked in an electric 
furnace at 500° C. for 30 min. In this manner, TiO2 sintered 
bodies Were produced. 
[0091] Next, using a commercially available silverpaste for 
forming thick ?lms, and by positioning betWeen the TiO2 
sintered bodies, 0.5 mm-Wide current collection electrode 
layers Were applied by screen printing. After drying, the cur 
rent collection electrode layers Were baked in a drying atmo 
sphere at 500° C. for 30 min in an electric furnace. Thereafter, 
a light-shielding mask Was put on the current collection elec 
trode layers, only the TiO2 sintered bodies Were irradiated 
With UV light by use of an excimer lamp, and adsorbed 
impurities Were removed. The thickness of the current col 
lection electrode layers upon baking Was 40 um. 
[0092] Subsequently, the TiO2 sintered bodies Were 
immersed in a 0.5 mM solution of cis-bis(isothiocyanato)-N, 
N-bis(2,2'-dipyridyl-4,4'-dicarboxylato)-ruthenium(II) ditet 
rabutylammonium salt (N719 dye) in a tert-butyl alcohol/ 
acetonitrile mixed solvent (volume ratio 1:1) at room 
temperature for 48 hr, so as to support the dye thereon. The 
TiO2 sintered bodies With the dye supported thereon Were 
Washed With acetonitrile, and dried in a dark place. In this 
manner, a dye-sensitized TiO2 sintered bodies Were pro 
duced. 
[0093] On a quartZ substrate prepared as a counter elec 
trode substrate, current collection electrode layers in the same 
pattern as that of the PTO ?lms on the glass substrate Were 










